Comet assay
The tank was filled with fresh chilled alkaline solution (1 mM Na 2 EDTA, 170 mM NaOH) at 4°C and pH 12.8, in order to Slide preparation detect double-and single-strand breaks as well as alkali-labile The assay was basically performed according to the original sites (Fairbain et al., 1995) . Before electrophoresis, the slides protocols of Singh et al. (1988) . Briefly, the standard slides were left in the solution for 20 min to allow for the unwinding were immersed vertically in 1% normal melting agarose of DNA. Electrophoresis was carried out at low temperature (NMA) at 55°C and left vertically to allow the agarose to (4°C) for 20 min at 1.6 V/cm and 300 mA. In order to prevent solidify. The slides were then kept at 4°C until use.
additional DNA damage, all the steps described above were Approximately 10 000 cells were mixed with 85 µl low conducted under yellow light or in the dark. melting agarose (LMA; 0.7% in PBS) (FMC) at 37°C and the After electrophoresis, slides were gently washed in a neutralcell suspension was rapidly pipetted onto the first agarose ization buffer (0.4 M Tris-HCl, pH 7.5) to remove alkali and layer, spread using a coverslip and kept at 4°C for 8 min for detergent, and stained with 50 µl 5 µg/ml DAPI in Vectashield the LMA to solidify. The coverslips were then removed and (mounting medium for fluorescence H-1000, Vector Laborata third layer of 100 µl 0.7% LMA at 37°C was added, covered ories, CA, USA). with a coverslip and again allowed to solidify at 4°C for 8 min. After the top layer of agarose had solidified, the slides were immersed in a chilled lysing solution made up of 2.5 M Slide scoring Images of 50 randomly selected lymphocytes were analysed NaCl, 100 mM Na 2 EDTA, 10 mM Tris-HCl, 1% sodium sarcosinate, pH 10, with 1% Triton X-100 and 10% DMSO from each sampled bird. The slides were examined at 200ϫ magnification using a 20ϫ objective on a fluorescence microadded just before use. They were kept at 4°C in the dark for at least 1 h to lyse the cells and to allow DNA unfolding.
scope (OLYMPUS Vanox AHBT3), excitation filter of 550 nm and barrier filter of 590 nm. Measurements were made by image analysis CASys software (Synoptics, UK), and the Electrophoresis The slides were removed from the lysing solution, drained and parameter chosen was the tail moment (tail lengthϫtail intensity or percent migrated DNA) (Olive et al., 1990) . The average placed on a horizontal gel electrophoresis unit, side by side. near to the Doñana National Park show tail moments belonging to the interval 0.1-0.5. This value is clearly higher than that measures DNA damage) or by comparing the DNA damage observed in cells from storks sampled in the surroundings of Doñana National Park with the corresponding distribution for lymphocytes from reference animals. Since this is the first study carried out of a population of birds from Doñana National Park or its neighbouring area using the Comet assay for the direct measurement of DNA damage in individual cells, we cannot conclude that the increased level of genotoxic damage is exclusively attributable to the accidental toxic waste spill of April 1998. Intensive agriculture in the surrounding area, mostly rice, results in the use of plaguicides, which may have contributed to the present situation. However, residues of organochlorine pesticides and (Jiménez et al., 1999) . Therefore, the observed
damage of DNA in white storks seems unlikely to be provoked by these organic pollutants. On the other hand, contamination observed in the control animals, where the highest tail moments by heavy metals was relatively low in Doñana before the toxic were located in the interval 0-0.05, i.e. about 10-20-fold lower spill, whereas after that several bird species, including white than that observed at the contaminated area. Therefore mean storks, have been found to be contaminated by heavy metals tail moments of birds sampled in the contaminated area were and arsenic (Benito et al., 1999; Hernández et al., 1999) . much higher (mean Ϯ SD ϭ 0.48 Ϯ 0.81, n ϭ 50) than those An unquestionable body of evidence exists concerning the from control birds (0.035 Ϯ 0.016, n ϭ 25), the difference deleterious effects of heavy ions, such as Fe, As, Pb, Cd, Cu, being highly significant (P Ͻ 0.0001; Student's t-test). This Zn, Tl and Hg (Fan et al., 1995; LeBlanc and Bain, 1997) , difference was not masked by potential age and/or sex effects, and in our opinion, it seems certain that heavy metals have as shown by ANCOVA analysis (age: P ϭ 0.76; sex: P ϭ played an important role in the high level of genotoxic 0.49) where the difference between the contaminated area and damage observed by us in storks from Doñana following the control sites is also significant (P Ͻ 0.001).
contamination. Additionally, a significant amount of aromatic The apparent genotoxicity in the animals from the vicinity amines arrived at the Doñana area with the toxic waste spill of Doñana National Park is also evident when the distribution (Alzaga et al., 1999) . Because of the strong genotoxicity of of cells of the contaminated animals in the different intervals aryl amines (IARC, 1982; Gold et al., 1989) and the potential of values of tail moments is compared with those of the birds synergistic interactions between different chemical species sampled in the non-polluted area ( Figure 3 ). As can be seen, (Yang, 1998) , we cannot discount the fact that these aromatic the distribution of the tail moments of individual cells observed amines may also have contributed to the DNA damage detected in exposed animals is clearly displaced towards higher values in this study. Anyway, taking into account our observations of in comparison with the reference animals (P Ͻ 0.0001; a high level of genetic damage that might result in such Student's t-test).
deleterious effects as a decline in reproduction, increased mortality, etc., in the population of birds living in this important Discussion wildlife area, it becomes absolutely necessary to develop a follow-up monitoring to assess DNA damage in a wider In the recent years, a number of laboratories have reported on the SCG or Comet assay (Fairbairn et al., 1995) as a highly spectrum of wild species, and whether or not there is a recovery of genome integrity after the palliative measures taken by the sensitive, relatively inexpensive and reproducible method to assess genotoxic damage in interphase cells for environmental Spanish authorities. monitoring.
Alkaline SCG DNA electrophoresis is especially sensitiveliving in the Doñana National Park sampled after a toxic spill organic compounds in soil and water affected by pyrite tailing spillage. Sci.
of mine waste (April, 1998) . Our results seem to indicate Total Environ., 242, 167-178. Belpaeme,K., Delbeke,K., Zhu,L. and Kirsch-Volders,M. (1996) Cytogenetic that, as compared with reference animals sampled in nonstudies of PCB77 on brown trout (Salmo trutta fario) using the micronucleus contaminated locations, the exposed storks show a significantly test and the alkaline comet assay. Mutagenesis, 11, 485-492. increased level of genotoxic damage. This conclusion is based 
